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Context

Electricity in Kentucky



Electricity Generation (GWh)

United States Electricity Generation, 1990-2012
Generation by Fuel Type (Gigawatt Hours)
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Electricity Consumption (GWh)

United States Electricity Consumption, 1960-2012
Consumption by Sector (GWh)
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Electricity Consumption (GWh)

Kentucky Electricity Consumption, 1960-2012
Consumption by Sector (GWh)
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Kentucky Average Real Electricity Price, 1970-2012
Kentucky vs. the United States
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Electricity Consumption per State GDP Dollar, 1963-2011
Kentucky vs. the United States
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Electricity Consumption per State GDP Dollar, 1963-2011
North Carolina vs. the United States
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Electricity Consumption per State GDP Dollar, 1963-2011
lowa vs. the United States
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Electricity Consumption per State GDP Dollar, 1963-2011
lllinois vs. the United States
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Electricity Consumption per State GDP Dollar, 1963-2011
New York vs. the United States
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Electricity Consumption per State GDP Dollar, 1963-2011
California vs. the United States

L]

* oo T ry we owmde
® - ® on on o wme amfe
-e sso e o @e o offe

e® o @sees ome ow oo ool
¢ o ® cowme coe en ampew so wil
sse ® oo seme somme = o wlp

e oo oo em o eme e oo ol
Y o om -e XY "
e sss o se swmes o oo af
e @eee o we - o X |
® wee ®» seem e ccce ol
® o® oo® ®ce ome e o cecef
o em@er e ®mee oeus ccsanl
® ® ®se ® o s o amme eoe ol
e s o ® © ssme o e ooe e
® W es o ® w o soe o o

ceeo® ® 00 SWeOEH ocumm ccce o o
e 0w e sOBID eme ®
- & eoec e mmwm o - e ®
® o0 o ®oe 900w BEinme o

.

L O
@
L 4
ee o we cw emm o oase o
@
@-
@-

L] ome - Sanee e
e 08 00 GO

. o0 o om weo ocommepumsese uff o .
e e @me ® wme - coofe o .
e oeee o0 sse wmwmm P o °
senmee 20 ¢ o ani afee o
. ee e 9 0 200808 .... L J [ J
. ® ®ms see on mene edee o o
° sec e wme © mmescpmmmoelee oo
™ e oo ¢ ¢ oo we o @
ssemes ¢+ ®mewm “- o o
. o e ® semmn » wfne oo
® [ _J [ ] «®e N N . o9
® oo @ o0 momes gmenffecn s o
® s  eee 0 @ ¢ sememe aulecee oo
e o o o @ o soe omsame ees o
. o e e e oo ®w em o o
. * ® oo o0omumany ®e o o
™ ® s00 o 0o on an oo o
° ° e e e eo oo affeen o o
. . - e ® o some wen o o
. e e e o ocmmes ue o o
[ ] ® [ 1 ] [ ] L 1 [ BN

(0102 SN $ / UM Aususiu

1970 1980 1990 2000 2010

1960

® (California

US Average

* Other States

Kentucky Energy Database, EEC-DEDI, 2013

Data Source: EIA Form 861 & 826 & BEA

13



Model Analysis

Electricity Portfolios and Employment
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Kentucky Electricity Portfolio & Employment

Other Employment that Depends on Electricity
>2,132,000 Full Time Jobs

Manufacturing

>209,000 Full Time Jobs
Electricity Generation

<15,000 Direct Jobs

Employment Depends Upon Electricity — Direct employment for electricity generation, such as power

plant operators and coal miners, is a relatively smaller portion of total employment in Kentucky

compared to the millions of jobs that depend upon the reliable and inexpensive electricity they produce.
Electricity-dependent jobs can be modeled with electricity price elasticity of employment coefficients. 15



0.40

0.30

Sensitivity to Electricity Prices

Electricity Price Elasticity of Employment by Economic Sector

0.35 -

0.25

0.20

0.15 |

0.10

0.05

0.00

005 -

[ /q[: Height = Sensitivity to Electricity Prices
> Manufacturing . —
= Sensitivity: 0.3373 Size = Number of Employees
S Jobs: 209,609
- O
Vs
S
(%)
=
Retail Trade
Sensitivity: 0.1576 Hospitality
Jobs: 203,510 Sensitivity: 0.142
Jobs: 150,783
All Other Employment
Sensitivity: 0.0141
Jobs: 1,170,348
o
=
=
c
L ‘2 EIE:.:t.ri:.:ity
- Sensitivity: 0
2 Government Healthcare Jobs: <15,000
o Sensitivity:0 Sensitivity:0
r Jobs: 384,601 Jobs: 222,714

-0.10

Sensitivity to Electricity Prices Differs by Industry — This study developed price elasticity of employment

coefficients for the top five employment sectors in Kentucky by modeling the historical responsiveness of

employment nationally. Manufacturers were the most-responsive. Retail stores, restaurants, and hotels

were less than half as responsive. Government and healthcare showed no responsiveness whatsoever.
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Kentucky Electricity Intensive Employment Forecast, 1990-2050
Impact of 25% Electricity Price Increase on Energy Intensive Employment (NAICS 31, 32, 33, 44, 72)
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Combined Impact of Electricity-Intensive Sectors - Given a 25% increase in real electricity prices by
2025, Kentucky’s most electricity-intensive economic sectors, (manufacturing, retail trade, restaurants, and
hotels) could be expected to shed a combined total of 30,237 full-time jobs and with 95% confidence

and robust standard errors between 12,620 and 50,947. 17



Kentucky Manufacturing Employment Forecast, 1990-2050

Impact of 25% Electricity Price Increase on Manufacturing Employment (NAICS 31, 32, 33)
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Manufacturers are the Most-Responsive to Electricity Prices - Given a 25% increase in real electricity
prices by 2025, manufacturing establishments in Kentucky would be expected to permanently shed an
additional 17,660 full-time jobs long-run as a direct result of price increases, and with 95% confidence
using robust standard errors between 5,764 and 31,022 full-time jobs, ceteris paribus. 18



Kentucky Retail Trade Employment Forecast, 1990-2050

Impact of 25% Electricity Price Increase on Retail Trade Employment (NAICS 44)
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Retail Stores are Much Less Responsive - Given a 25% increase in real electricity prices by 2025,
retail establishments in Kentucky would be expected to fail to create 7,225 full-time jobs long-run, and
with 95% confidence using robust standard errors, between 3,916 and 12,160 full-time jobs, ceteris
paribus.



Kentucky Hospitality Employment Forecast, 1990-2050

Impact of 25% Electricity Price Increase on Restaurants and Hotels (NAICS 72)
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Restaurants and Hotels are Even Less Responsive - Given a 25% increase in real electricity prices by
2025, restaurants and hotels in Kentucky would be expected to shed 5,352 full-time jobs long-run, and
with 95% confidence using robust standard errors, between 2,940 and 7,765 full-time jobs, ceteris
paribus.



Coal Portfolio

Gigawatt Hours

Kentucky Electricity Generataion by Energy Source, 1990-2050
120,000

Computer Simulates Advanced Super Critical Pulverized Coal (ASPC) Portfolio

Graphic lllustrates 1 Round Without Stochastic Processes — Actual Generation Unique in All 1,000 Scenarios
This portfolio is no-longer viable.
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Natural Gas Porifolio

Gigawatt Hours

Kentucky Electricity Generataion by Energy Source, 1990-2050
120,000

Computer Simulates Building Natural Gas Combined Cycle (NGCC) Units to Meet Growing Demand

Graphic lllustrates 1 Round Without Stochastic Processes — Actual Generation Unique in All 1,000 Scenarios
This portfolio is now the most-likely outcome.
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Nuclear Portfolio

Gigawatt Hours

Kentucky Electricity Generataion by Energy Source, 1990-2050
120,000

Computer Simulates 4-Stage Nuclear Power Implementation

Graphic lllustrates 1 Round Without Stochastic Processes — Actual Generation Unique in All 1,000 Scenarios
2,000 MW in 2025 (~17.4%)

4,000 MW in 2035 (~31.9%)
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Coal with Carbon Capture Sequestration Portfolio

Gigawatt Hours
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Kentucky Electricity Generataion by Energy Source, 1990-2050

Computer Simulates 2-Stage Advanced Super Critical Pulverized Coal with Carbon Capture Sequestration (APSC-CCS)

Graphic lllustrates 1 Round Without Stochastic Processes — Actual Generation Unique in All 1,000 Scenarios
2,000 MW in 2025 (~18.6%)

4,000 MW in 2035 (~33.7%)
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Real 2010 US$ per MMBTU

EIA Natural Gas Price Forecasts, 1979-2013

Energy Information Administration Annual Energy Outlook Forecasts vs. Actual
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Natural Gas Price ($ per MMBTU)

Stochastic Natural Gas Price Input Assumptions, 2010-2050
Kentucky Electricity Porifolio Model - Monte Carlo Simulation with 100 Rounds
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Kentucky Employment Response to Electricity Generating Portfolios, 2050

Kentucky Electricity Portfolio Model - Monte Carlo Simulation with 2,000 Rounds
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Kentucky Energy Database, EEC-DEDI, 2012

Total employment includes retail, manufacturing, hospitality, healthcare, government, and “all other” as well as direct employment from electricity generation

including coal miners and power plant operators.
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Kentucky Employment Response to Electricity Generating Portfolios, 2050
Kentucky Electricity Portfolio Model - Monte Carlo Simulation with 2,000 Rounds
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Density of Simulation Results
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Conclusion
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Concluding Remarks

Electricity costs and reliability are important factors for
manufacturing-intensive economies.

In manufacturing-intensive economies, considerations for base-load
generation dominate.

Current and pending policies, along with societal concerns, are
limiting base-load generation options.

The US is moving toward a single base-load generation option.

Price elasticity of employment should be taken into consideration,
when trying to understand such impacts.
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Analytical Methodology

A multiple regression of panel data model using fixed effects was estimated for each of the top five
employment opportunities in Kentucky, both with and without robust standard errors, for a total of ten
models. Fixed effects were used to control for the numerous factors inherently affecting sector-specific
employment as well as electricity prices from state to state that have not been accounted for in the
independent variables included in this study. The result is a conservative estimate of the isolated national
effect of the variable of interest, real electricity prices on employment by industry.

The multiple regression of panel data model with fixed effects can be generally given by,

Predicted Employment by Industry in State (i) and Time (t) Stochastic E I (~ N(0, 52
ochastic Error Term (~ 2

/
— + ﬁXlt_I_ +
tons

i

Constant Intercept Across States

—.
1
—

\ Fixed Effect for State (i)

Sum of the product of the observation for each independent variable |
through k for state i in year + and the coefficient of Xj

Where i and t index states and years, such that y, is the dependent variable of interest, employment by
industry, in state i in year t, B, is the constant y intercept across all states, X is a k by 1 vector of
explanatory variables, BI.X,.” is the product of the observation for each independent variable | through k
for state i in year t and the coefficient of X, k is the total number of included independent variables, Q. is
the time-invariant fixed effect for state i, and €, are the residuals, and where €, ~ N(0, 02), or are
approximately normally distributed with a mean of zero.



Model of Electricity Prices & Employment by Sector

. Manufacturing . Hospitality Healthcare Government
Logged Variables Retail Employment
Employment Employment Employment Employment
Price of Electric“‘y '0.337 Hokk -0.] 58 Fokk -0.] 42 ok '0.0426 Hk 0-00084
(Real 2010 US$) (-0.0307) (-0.0136) (-0.0152) (-0.0158) (-0.0101)
0.0249 -0.108 -0.0679 -0.536 ¥ -0.14 =
Educational Attainment (-0.146) (-0.065) (-0.0728) (-0.0758) (-0.0482)
State GDP 0.744 *** 0.509 *** 0.318 *** 0.17 ¥ 0.253 ##x*
(Real 2010 US$) (-0.0514) (-0.0228) (-0.0255) (-0.0265) (-0.0169)
Population 0.166 ** 0.26 *** 0.129 ** 0.37 ¥k 0.258
(-0.0532) (-0.0236) (-0.0264) (-0.0275) (-0.0175)
. -76.05 HHE -11.31 ok 21,17 55,21 x 3.801 =
ear
(-5.536) (-2.457) (-2.752) (-2.861) (-1.819)
579.4 ** 88.85 *** -153.9 ##* -413.5 #H* -22.72
Constant
(-41.38) (-18.36) (-20.57) (-21.39) (-13.6)
R-Squared 0.7776 0.956 0.9219 0.8885 0.9344
Observations (N x ) 1069 1071 1069 1071 1071
Number of States (N) 51 51 51 51 51
Standard Errors in Parentheses
Asterisk Denotes Statistical Significance at the Following Levels: * p<0.05, ** p<0.01, *** p<0.001 35

All variables were transformed to their natural logarithms, such that their coefficients may be interpreted as elasticities.




